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ABSTRACT

Introduction Antiretroviral therapy (ART) for HIV/AIDS is
associated with adverse events (AEs). However, little is known
about the differences in the risk of AEs between women and
men living with HIV/AIDS. This study aims to determine (1)
whether there are sex differences in the risk of AEs in people
with HIV/AIDS treated with ART and (2) the prevalence of AEs to
the reproductive system and bone mineral density in women.
Methods and analysis This systematic review (SR) will
include randomised trials evaluating ART in people living

with HIV/AIDS with at least 12 weeks of duration follow-up.
Searches will be conducted in Medline, Embase, Cochrane
Library, Epistemonikos, Lilacs, trial registries and grey literature
databases, without restriction on publication status, year of
publication and language. The primary outcome will be the
risk of ART discontinuation or drop-outs/withdrawals of ART
due to AEs and the number of any treatment-emergent AE.
The secondary outcomes are the incidence of serious clinic

or laboratory (grade 3 and/or 4) treatment-emergent AEs,
hospitalisation, death and AEs specific to the reproductive
system and bone mineral density (osteoporosis, osteopenia
and fractures) of women. Selection, data extraction and quality
assessment will be performed by pairs of reviewers. Cochrane
collaboration tools will be used to assess the risk of bias. If
appropriate, a meta-analysis will be conducted to synthesise
results. The overall quality of the evidence for each outcome
will be determined by the Grades of Recommendation,
Assessment, Development and Evaluation.

Ethics and dissemination The results of this SR will
assist the formulation of public policies aimed at the
management and monitoring of AEs of ART in people living
with HIV/AIDS. A deliberative dialogue will be scheduled
with the Department of Chronic Conditions and Sexually
Transmitted Infections of Brazil’s Ministry of Health to align
the project with policymakers’ interests.

PROSPERO registration number CRD42021251051.

INTRODUCTION

The HIV remains a major global public
health problem. In 2020, 37.6 million people
were living with HIV.! About 16% of them

Strengths and limitations of this study

» This systematic review, in addition to studying the
differences between the sexes, will scrutinise the lit-
erature to estimate the prevalence of adverse events
specific to women, about which the existing litera-
ture is quite conflicting.

» This study will use the key stakeholders (eg, policy-
makers, opinion leader healthcare professional,
community representative of patients) through de-
liberative dialogue, to overcome barriers to imple-
ment the evidence summarised.

» Our systematic review may have limited general-
isability due to the reduced availability of data on
within-study sex-by-treatment interaction effects
and the possibility of aggregation bias.

» The primary studies could bring limitations to this
review considering the confusion between the report
of adverse events and signs and symptoms of HIV/
AIDS.

were unaware of being infected by the virus.”
Most of these people are in low-income and
middle-income countries.”

Antiretroviral therapy (ART) has now
been recommended for all patients, regard-
less of CD4 lymphocyte count, to decrease
the transmissibility of the disease and to
reduce long-term complications, such as
HIV-related dementia.* Currently, around
27.4million people in the world use ART.”
Since therapy must be continued indefi-
nitely, the focus of patient management
should evolve towards the identification and
management of early toxicities related to
pharmacological treatment.” Viral suppres-
sion sustained throughout life must be
accompanied by individualised management
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and adjustments in advance, to overcome toxicities and
adverse events (AEs) in ART, both in the short and long
term.’

In addition to HIV itself and possible AEs to ART,
women need to live with hormonal changes and unique
health problems.” Sex inequalities in response to the
combination of antiretrovirals have been reported in
several studies summarised in a meta-analysis.” ART was
evaluated for at least 48 weeks, between the years 2000
and 2008, finding several significant differences related
to sex, in addition to demonstrating that there was better
effectiveness of ART in men than in women.

AEs to antiretrovirals have been reported with the use
of all drugs and are the main reason for discontinuation,
exchanges in therapy, and non-adherence to treatment.”
Changes in the immune system, common in people with
HIV, also affect female hormones, causing problems in
the menstrual period, uterine fibroids, genital tract infec-
tions and early menopause."’

Ovarian function in women with HIV is reportedly
shorter than in women uninfected by the virus, which
leads to an increase in the burden of the disease as meno-
pause impacts on the onset and progression of chronic
diseases and bone mineral density (BMD).!' Observa-
tional studies are controversial regarding the influence of
ART on menstrual abnormalities. A retrospective cohort'”
was not associated with ART, while a cross-sectional study'
showed increased abnormal menstruation in women
using ART compared with treatment-naive women (Odds
Ratio (OR) 2.36, 95% CI 1.25 to 4.45). A systematic review
(SR)' that combined six observational studies showed an
increase in amenorrhoea in women with HIV, which may
be associated with low BMD. The authors reinforce the
need to assess the reproductive health and last menstrual
period of women with the virus.

Studies suggest an increased bone mineral loss in
women with HIV, but its relationship with the disease
or the use of ART is uncertain. A SR'” with one clinical
trial and four cross-sectional studies showed a difference
greater than 3% in BMD of the femoral neck in women
using regimens containing protease inhibitors, but failed
to conclude on the risk of fractures. Another review,16 also
based mainly on cross-sectional studies, points out that
HIV infection reduces bone density in postmenopausal
women, but that additional studies are needed to under-
stand the mechanism of this effect and whether ART has
an impact on BMD.

Brazil is considered a vanguard country in terms of
healthcare policy for patients living with HIV/AIDS,
especially regarding access to medication.'” Discontin-
uation due to AEs, however, remains one of the central
problems, even when access to the service is available.'®
Despite the general benefits of viral suppression and
improved immune function due to ART far outweigh
the risks associated with AEs, in general, it appears that
women are more susceptible than men to develop toxic-
ities associated with ART, and this can affect outcomes,
care and treatment."”

Clinical studies on HIV rarely focus only on outcomes
in women, with data on sex analysis often scarce and
controversial. > It is worth mentioning that the long-
term complications of ART can be underestimated since
most clinical trials use highly specific inclusion criteria for
recruiting patients and the duration of patient follow-up
is relatively short.**

Understanding the occurrence of AEs associated with
sex is important to assess the need to define public poli-
cies that can adapt ART to minimise the damage, improve
adherence and guarantee the success of the therapy.
Consequently, this could also help reduce disease
transmission.”*

In a preliminary search conducted on 16 May 2021,
with the terms (‘Anti-Retroviral Agents’ OR ‘Antiretro-
viral Agents’ OR ‘anti-HIV Agents’) in the International
Prospective Register of Systematic Reviews (Prospero),
Open Science Framework, Cochrane Protocols; and with
the title terms (Adverse AND Protocol) in the journals
that publish SR protocols (eg, Systematic Reviews, BMJ
Open, Plos One, Medicine) we identified 66 records of
systematic review protocols, but none intended to study
AEs related to sex.

This systematic review has two objectives. Objective 1 is
to determine whether there are sex differences in the risk
of AEs in people with HIV/AIDS treated with ART and
objective 2 is to determine the prevalence of AEs to the
reproductive system and BMD (osteoporosis, osteopenia
and fractures) in women.

METHODS AND ANALYSIS

Study design and protocol

This SR study will be performed according to the recom-
mendations of the Cochrane Handbook for Interven-
tion Reviews.” This protocol is reported according to the
Preferred Reporting Items for Systematic Reviews and Meta-

Analyses Protocols® (online supplemental material 1).

Patient and public involvement

We will conduct a deliberative dialogue (DD), involving
relevant decision-makers, healthcare professionals, and
users of the Brazilian public health system living with
HIV/AIDS. We will present the results and get sugges-
tions on implementation, monitoring, and management
of AEs in women living with HIV/AIDS using the DD
approach.

Eligibility criteria
The research question was structured using the Popula-
tion, Intervention, Comparison and Outcomes structure.

Objective 1

Inclusion criteria

Type of studies

We will include only randomised controlled trials (RCTs)
with at least 12 weeks of follow-up duration. For cross-
over RCTs, we will include the first period of data only.
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Although observational studies may have larger samples
and longer follow-up times than RCTs, providing infor-
mation on rarer or longer-term AEs, non-randomised
studies will be excluded due to the higher risk of bias
(RoB) compared with RCTs. In an RCT, we have more
monitored/controlled, standardised and reported diag-
noses of AEs compared with observational studies.

Type of participants

Individuals of both sexes living with HIV/AIDS and
receiving antiretroviral—regardless of age. Our study
intends to analyse sex differences according to their
biological definition, not the distinction between females
and males by the choice of gender identity.27

Type of interventions
1. Any combinations of complexities and classes of ART reg-
imens, specific ART drugs and timings of ART initiation.

Types of comparators

1. Oral placebo.

2. Any combinations of complexities and classes of ART
regimens, specific ART drugs and timings of ART
initiation.

Types of outcome measures

Primary outcomes

1. Risk of discontinuation or dropouts/withdrawals of
ART due to AEs.

2. Risk of any AE.

3. Risk of treatment-related AEs.

Secondary outcomes

1. Risk of any serious clinic or laboratory AE (grade 3 and/
or4).
We will extract the AEs as reported or defined by studies
(serious, separate AEs grade 3, separate grade 4, grade 3,
and 4). We adopted AEs grades 3 and 4 as defined by the
Division of AIDS (DAIDS) Table for Grading the Severity
of Adult and Paediatric Adverse Events.”

2. Risk of treatmentrelated serious clinic or laboratory
AEs (grade 3 and/or 4).
We will extract the AEs as reported or defined by stud-
ies (serious, separate AEs grade 3, separate grade 4,
grade 3, and 4). We adopted AEs grades 3 and 4 as
defined by the DAIDS Table for Grading the Severity
of Adult and Paediatric Adverse Events.”®

3. Risk of osteoporosis (osteopenia, osteoporosis or any
osteoporosis fractures).

4. Risk of hospitalisation

5. Risk of death due to AEs.

Objective 2

Inclusion criteria

Type of studies

We willinclude only RCTs with atleast 12 weeks of follow-up

duration. For cross-over RCTs, we will include the first

period of data only. Although observational studies may

have larger samples and longer follow-up times than

RCTs, providing information on rarer or longer-term

AFEs, non-randomised studies will be excluded due to the
higher RoB compared with RCTs.

Type of participants
Women living with HIV/AIDS and receiving ART—
regardless of age.

Type of interventions

1. Any combinations of complexities and classes of ART
regimens, specific ART drugs, and timings of ART
initiation.

Types of comparators

1. Any combinations of complexities and classes of ART
regimens, specific ART drugs and timings of ART
initiation.

Types of outcome measures

Prevalence of women with:

1. Delayed puberty
It means the absence of breast development by age
12-13 years in girls.”

2. Amenorrhoea
Amenorrhoea was defined as the absence of menses
for more than $months."**

3. Other menstrual irregularities will be considered pres-
ent whenever the participant reports any of the five
variations from normal menstruation including chang-
es in regularity, frequency, volume, duration and in-
termenstrual bleeding as defined by the International
Federation of Gynecology and Obstetrics.

4. Early menopause
Premature ovarian failure is considered when it occurs
in women under the age of 40 years.”

5. Vasomotor symptoms of menopause (hot flushes)
Presence of hot flushes.

Frequency of hot flushes by severity.”'

6. Osteopenia
It is defined as BMD tscore —2.5 to -1 in women with
30 years or more and as BMD z-score -2 to —1 in those
under 30 years.”

7. Osteoporosis
It is defined as BMD tscore <-2.5 in women with 30
years or more and as BMD z-score < -2 in those under
30 years.”

8. Osteoporosis fractures
Vertebral, non-vertebral, wrist, spine and hip fractures
will be considered.

Objectives 1 and 2

Exclusion criteria

Studies evaluating ART regimens for HIV pre-exposure
and post-exposure prophylaxis will be excluded. We will
exclude studies focusing on pregnant, breastfeeding, or
perinatal women; studies that examined the use of ART
in the presence of co-infections, such as viral hepatitis B
and C and tuberculosis; secondary or post hoc analysis;
and open-label extensions. We will also exclude studies
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with antiretrovirals, or ART doses no longer used in clin-
ical practice, and with ART in the study phase, not yet
used.

Search methods for identification of trials

The search strategy will use Descritores em Ciéncias da
Saide/Medical Subject Headings (DeCS/MeSH) descrip-
tors and synonyms, being adapted according to each
database searched (online supplemental material 2). The
searches will be conducted by an experienced librarian
and will be reviewed by another professional librarian,
according to the Peer Review of Electronic Search Strat-
egies (Press).*> No limitations will be imposed on the
publication status, duration of follow-up, year of publica-
tion and language (we will be using a professional trans-
lation service).

Electronic searches

A structured search for eligible primary studies will be
conducted in the main electronic databases: MEDLINE
via PubMed; Embase via Elsevier; Cochrane Central
Register of Controlled Trials (Central); Epistemonikos;
and Latin American and Caribbean Health Sciences
Literature (Lilacs).

Searching other resources

A manual search will be conducted in the references of
the included trials. We will adapt a specific structured
search strategy for the grey literature, including disser-
tations databases (ProQuest Dissertations and Theses
Database), records of clinical trials (Global Index
Medicus of WHO—WHO; Brazilian Registry of Clinical
Trials—Rebec; ClinicalTrials.gov), summaries of selected
international symposium/conferences on HIV, websites
of government agencies and non-governmental organ-
isations that conduct research or implement relevant
programmes.

Data collection and analysis

Selection of studies

Trial selection and data extraction will be performed
based on the Cochrane Handbook for Intervention
Reviews.”” More specifically, reviewers will work in pairs
and independently to assess the eligibility of titles and
abstracts. A similar process will be used to track full texts.
Discrepancies between the assessments will be resolved by
consensus or adjudication by a third reviewer. In case of
duplicate publication, we will use the article with the most
complete data. Secondary publications from the same
trial will also be used as online supplemental information.
We will perform detailed assessments of each eligible
trial to minimise the possibility of overlapping trials (ie,
trials that report data from the same participants). Subse-
quently, two team members will independently examine
the references for each full-text article to identify addi-
tional relevant studies.

Data extraction and management
A prepiloted and standardised form will be used to
extract data from the included studies. The reviewers

will be calibrated by extracting at least three articles, in
pairs and independently, and, afterward, they will carry
out consensus. This process will take place until the stan-
dardisation of the extracted data. The overlap of two
articles in all teams of reviewers will be adopted to assess
the reliability between reviewers in extracting data in the
different teams.

After this stage, two reviewers will extract the data inde-
pendently, and any discrepancies will be identified and
resolved (with a third author, when necessary). The data
collected will be characteristics of studies (sponsorship,
country, registered number, number of sites, duration of
the study, timing of outcome measurement (in weeks or
months); bibliometric information; information about
patients (inclusion, exclusion criteria, age, ART exposure
(naive vs experienced), CD4 level, numbers in each arm,
drug regimen); and if the study reported AEs as speci-
fied in the section outcomes (number of participants
who experienced an event) for dichotomous outcomes.
We will also check the method of AE assessment: did the
researchers actively monitor for AEs (low RoB), or did
they simply provide spontaneous reporting of AEs that
arose (high RoB)? For studies identified only in clinical
trial registry websites, we will check the same data and
check if they are ongoing.

When two or more papers are found for the same study,
we will report it using only one ID and will extract the data
of all the studies to provide the most complete report.

Assessment of methodological quality and RoB

The quality of individual studies will be assessed using
Cochrane’s RoB Tool version 2.0 for randomised trials
on bias arising from the randomisation process, devi-
ations from intended intervention, missing outcome
data, measurement of the outcome, and selection of the
reported result. The reviewers will independently assign
‘definitely yes’, ‘probably yes’, ‘probably not’, ‘definitely
not’ or ‘notinformed’ for each of the domains, classifying,
according to the answers, as ‘low RoB’, ‘some concern
about the RoB’ or ‘high RoB’. Reviewers will resolve
disagreements through discussion, and a third person will
judge unresolved disagreements. Publication bias will be
assessed using the funnel graph™ for each outcome.

Statistical analysis

Objective 1

The statistical approach to summarise trial results will
depend vastly on the type of available data. Differences
between sexes in the risk of an event after treatment with
antiretrovirals can be considered covariate-by-treatment
interactions. Hence, we will attempt to employ statistical
techniques that explicitly disentangle within-trial inter-
actions effects from between-trial interaction effects,
thereby minimising the risk of ecological bias.”*

We anticipate that some trials may report information
sufficient to reconstruct individual-participant data (IPD)
(eg, the number of events by treatment group stratified
by sex). In contrast, other trials may report information
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adequate to calculate only the OR of the event and the
proportion of women in each arm (ie, aggregate data
only). Thus, our primary analysis model will be based on
an adaption of the model by Saramago et al.”” Specifically,
we will use a Bayesian IPD-AD pair-wise random-effects
model that separates the within-trial interaction effects
from between-trial interaction effects.

However, if only aggregate data is available (eg, OR
estimates and proportion of female by treatment group),
we will perform a ‘daft’ approach, combining across-trial
interactions alone.”* More specifically, we will conduct
a Bayesian random-effects meta-regression to assess the
association between the log-odds of the event and the
proportion of women in the trial. We will graphically
display these results using bubble plots and prediction
lines with 95% credible intervals.

If only aggregate data is available, but it is possible to
estimate the OR by sex separately, we will perform the
‘deft’ approach, combining within-trial interactions only.
This approach eliminates the risk of ecological bias seen
in the daft approach.* The log ratio of ORs will be used
as a metric, and the summary estimate will be obtained by
a Bayesian random-effects model.”

All primary analyses will employ uninformative priors.
However, for the between-trial variances, we will use
informative prior distributions in sensitivity analyses.g7
We will estimate the between-trial heterogeneity from the
median between-trial variance, 12, observed in the poste-
rior distribution. A 1° of up to 0.04 was prespecified to
denote low heterogeneity, 0.16 to denote moderate, and
0.36 to denote high statistical heterogeneity among trial
estimates.”

Ninety-five per cent credible intervals (95% Crls) will
be calculated from the 2.5 and 97.5 percentiles of the
posterior distributions. Bayesian models will be imple-
mented in the BUGS language, and estimates will be
obtained via Markov chain Monte Carlo methods (Gibbs
sampling). Convergence will be checked graphically
by running three chains and using the Gelman-Rubin
statistic. An R statistic >1.1will be considered evidence
of non-convergence.” The burning-in period will have
100000 simulations, and three different chains with
166 667 simulations each will be used (500000 simula-
tions in total). Starting values were manually selected
to guarantee very different random draws for the
three chains. Results were summarised using posterior
medians with 95% Crls. The autocorrelation and density
of the estimates were checked graphically. Funnel plot
asymmetry will be examined by contour-enhanced plots
using frequentist estimates of log-OR on the horizontal
axis and their corresponding SE estimates on the vertical
axis. We will also investigate funnel plot asymmetry with
Habord’s test. For the latter, a p<0.10will be considered
statistically significant.

For all analyses, we will use Stata V.16 and MultiBUGS
V.2.0 (Cambridge, UK).

Objective 2

We will meta-analyse proportions using a random-effects
Bayesian model. Specifically, the model uses the binomial
likelihood and the logit transformation of the propor-
tions. The proportions are considered a random variable,
and the mean of the logit proportions is assumed to follow
a normal distribution.” We will use a non-informative
prior for the mean of the logit-transformed study-specific
proportions and the between-study variance. The burn-
ing-in period will have 50000 simulations, and three
different chains with 50 000 simulations each will be used
(150000 simulations in total). Starting values were manu-
ally selected to guarantee very different random draws for
the three chains. Results were summarised using poste-
rior medians with 95% Crls. All model diagnostics will be
performed as described above.

Subgroup analysis or sensitivity analysis

When appropriate, subgroup analysis will be employed.
The subgroup that will be used includes age groups (<18
years vs 18-60 years vs >60 years); level of economic devel-
opment of the study setting (low or lower-middle-income
country vs middle or high-income country, as defined by
the World Bank"'); immunological status (CD4 <250 vs
CD4 >250 cells/pL); time of follow-up (<24 weeks vs 25
to 48 weeks vs 248 weeks); industry-independent funding
(no vs yes); Intention-to-treat (ITT) analysis of AEs (no vs
yes); attribution of AEs to drugs (no vs yes); combined vs
single ART; RoB (high vs moderated and low; blinded vs
open-label; adequate allocation concealment vs unclear
allocation concealment).

Assessment of the certainty of the evidence and the strength
of the recommendation

After the results are grouped, two reviewers will inde-
pendently assess the overall certainty of the evidence for
each outcome using the Grading of Recommendations
Assessment, Development and Evaluation (GRADE)
system.** The main results of the review will be presented
in outcome tables (Summary of Findings (SoF)), as
recommended by The Cochrane Collaboration.*” The
SoF table includes a general classification of the evidence
related to each of the main outcomes, using the GRADE
approach.* This table will be built with the aid of the
GRADEpro software program.

The use of the GRADE allows evaluating the certainty of
the evidence for each result considering the methodolog-
ical quality, the objectivity of the evidence, the heteroge-
neity, the precision of the effect estimates and the risk
of publication bias.* If the analysis of an outcome is not
possible, for example, due to the lack of data, we will
present the reasons for this in the SoF table as a footnote.

ETHICS AND DISSEMINATION

We plan on sharing our results through publication in
scientific journals of high impact, peerreviewed, and
presenting it at national and international conferences.
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We hope that the results will serve to assist in the formula-
tion of public policies aimed at guiding professionals on
the management and monitoring of the AEs of ART in
people living with HIV/AIDS. For this purpose, meetings
are scheduled with the Department of Chronic Condi-
tions and Sexually Transmitted Infections of Brazil’s
Ministry of Health during the project, seeking to align it
with the interests of policy-makers.

We will also present the results and discuss the imple-
mentation, monitoring, and management of AEs in
people living with HIV/AIDS in a DD with stakeholders,
policymakers, and other researchers. Considering that
the results of the DD can make adjustments in the recom-
mendations of the SR, the stakeholders have to disclaim
their potential conflicts of interest. For this reason, this
protocol will be submitted for approval to the ethics
committee before the conduction of the DD.

DISCUSSION

The results of this SR could highlight important findings
to decision-making, considering the management of AEs
in the different age ranges of women.

Our future results could impact public policies for
people living with HIV/AIDS by offering evidence that
can highlight challenges and areas of improvement,
with a special view over the diversity of people and their
contexts. However, there are potential limitations.

The primary studies could bring limitations to this
review considering the confusion between the report of
AEs and signs and symptoms of HIV/AIDS; some trials do
not report the time of initiation of ART and do not sepa-
rate the outcomes by sex. To overcome this limitation, we
will extract the information of all trials that report the
time of initiation of ART and if possible, we will meta-
analyse this result.

Antiretroviral drugs also are usually given in combina-
tion, being difficult to ascertain which agent causes the
AE, this could be another potential limitation of this SR.

This study did not include real-world studies that
reported adverse drug reactions in patients receiving
antiretrovirals because we consider that RCTs provide a
more accurate diagnosis of AEs as they can be better moni-
tored/controlled, standardised and reported compared
with real-world studies.
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